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Description

[0001] The present invention relates to light emitting
systems, more particularly, to light emitting systems com-
prising at least one grid of semiconductor laser diodes.

BACKGROUND TO THE INVENTION

[0002] Diode lasers are semiconductor lasers. A plu-
rality of these lasers is typically produced by wafer-level
processing, after which the wafer is diced into the indi-
vidual lasers. In edge-emitting type of lasers the light
propagates in the plane of the semiconductor wafer. The
intersection of the gain medium of the laser, perpendic-
ular to the propagation of the light, is typically rectangular
shaped. The height is typically of the order of 1 mm. The
width of the gain medium is determined by the application
of the lasers: for single-spatial mode lasers, the gain me-
dium has to be very narrow, while for high power appli-
cations the gain medium is made much wider (e.g. 20
times the height of the gain medium). In the case of a
wide gain medium there can be several spatial modes
present in the widest direction of the laser gain medium.
For high-brightness laser projection based on a 2D im-
ager, an excellent beam quality per laser is not required,
and as such diodes with a relatively wide gain medium
and increased power per emitter are preferred.
[0003] The direction of the width of the gain medium
is typically called slow axis, while the direction of the
height of the gain medium is typically called fast axis.
[0004] The shape of the diode’s gain medium has an
important influence on the beam properties of the diode
laser. First of all the beam profile for high power diode
lasers will often have an irregular shape in the slow axis,
due to the presence of the multiple spatial modes: several
maxima in the light intensity of the far field of the laser
can be observed in the direction of slow axis. This is
caused by the fact that due to the width of the gain me-
dium, the light is less confined in space along the slow
axis.
[0005] In addition, diffraction will cause a difference in
the beam divergence. In the fast axis the beam will be
more divergent than in the direction of the slow axis. The
different divergence is caused by diffraction: a smaller
aperture will result in larger diffraction angles. As such
the widest direction of the laser’s gain medium corre-
sponds to the narrowest angular distribution. The diver-
gence of the lasers can be 25° in one direction and 50
degrees in the other direction. Lasers are typically com-
bined with collimation lenses to change the diverging
bundle into a parallel bundle. The difference in diver-
gence between fast and slow axis then translates into a
larger beam waist in the fast axis then the slow axis after
collimation.
[0006] This asymmetry is an important parameter for
the optical design of high-brightness laser projectors,
where the étendue of the system has to be managed
accurately and any étendue loss has to be avoided, or

at least minimized. To achieve the maximum brightness
the maximum amount of individual laser diodes has to
be combined within the available étendue of the system.
[0007] After dicing, the lasers are packaged, for exam-
ple into a TO9 can, or other type of typically standardised
package (e.g. also smaller size TO-can type packages
exist: e.g. TO38, which is only 3.8mm in diameter). Fig.
1 shows a picture of the TO9 package. The package is
composed of a metal plate, which serves as the cooling
surface for the laser. On this cooling plate a metal housing
is mounted to protect the laser. The light is emitted in a
direction perpendicular to the cooling plate (upwards in
the left pane of Fig. 1) and leaves the TO9 can through
a window in the housing. There are typically 2 or 3 pins
on the back side of the cooling plate, which are used for
driving the lasers. The problem with these pins is that
they will penetrate the cooling surface on which the lasers
are to be positioned: the heat dissipated in the laser is
transferred to the cooling plate, which is the bottom of
the package. Then this heat has to be removed by a
cooling system. As such the cooling plate of the lasers
will have to be mounted in close contact to a heat sink.
This heat sink can be cooled by air or by a liquid cooling
system. Cooling lasers is not trivial, as the lasers should
typically be operated at temperatures around room tem-
perature. In addition it is preferred to tightly control the
temperature of the lasers, as temperature variations re-
sult in variations in the emitted optical power and in the
wavelength of the lasers. Therefore the lasers are de-
signed for and operated at a well-defined temperature;
e.g. 25°C.
[0008] The length of the pins on the TO-9 can is also
limited. If a direct connection with the driver printed circuit
board is to be made, this significantly limits the thickness
of the heat sink.
[0009] In US2006/0274434 A1, a combined laser
source is disclosed which optically combines a plurality
of laser beams emitted from a plurality of semiconductor
lasers by using an optical condensing system.
[0010] In EP2317614 A2, a light source device is de-
scribed, which comprises laser modules and which com-
prises a cooling member that cools each of the laser mod-
ules.
[0011] In US2008/217643 A1, a light emitting diode is
mounted on a heat radiating unit therefor. Heat produced
by the LED during working is transferred to the heat ra-
diating unit and radiated quickly.

SUMMARY OF THE INVENTION

[0012] In order to combine the lasers into one powerful
beam, laser packages could be positioned as close as
possible to each other. This could e.g. be achieved by
putting all the TO-cans as close to each other as possible
in a wafer-like mounting. However, this has some impor-
tant limitations.
[0013] The beam properties are not symmetrical: the
divergence of the laser beam is larger along the fast axis
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than along the slow axis. As a result, after collimation the
beam is wider along the fast axis than along the slow
axis. Even if the space between adjacent beams is min-
imized along the fast axis, significant space between ad-
jacent beams will exist along the slow axis. This results
in an étendue loss as a part of the étendue space is not
used. In other words the étendue of the combined beam
is significantly larger than the sum of the étendue of the
individual beams.
[0014] In order to control the temperature of a densely
spaced array of high power laser diodes a liquid cooling
system is preferred. Therefore cooling liquid channels in
the heat sink need to be provided, but this heat sink at
the same time is penetrated by the pins for the electrical
driving of the lasers. Putting the lasers as close as pos-
sible limits the dimensions of the liquid cooling channels.
The heat sink has also to be thin enough, such that the
pins of the laser packages still can reach the driver elec-
tronics which is mounted on the back side of the heat
sink. As such also the thickness of the heat sink is limited
and it becomes extremely difficult to provide sufficient
cooling.
[0015] It is an object of the present invention to provide
a light emitting system comprising a plurality of laser di-
odes, and wherein a maximum number of laser beams
generated from said plurality of laser diodes are com-
bined into a predetermined output aperture, with a min-
imal étendue, which solve at least some of the above
mentioned problems.
[0016] It is a further object of the present invention to
provide a light emitting system wherein a maximum
number of laser beams generated from laser diodes, typ-
ically having an asymmetric beam profile, are combined
into a predetermined aperture with a minimal étendue.
[0017] It is a further object of the present invention to
provide a light emitting system comprising a plurality of
laser diodes, which combines the beams generated by
the laser diodes with a minimal étendue, and which pro-
vides sufficient cooling as well as a driving means for the
laser diodes.
[0018] According to a first aspect of the present inven-
tion, a laser diode grid element is disclosed, comprising

- a plurality of laser diodes adapted for generating a
corresponding plurality of laser beams and the plu-
rality of laser diodes being arranged along a corre-
sponding substantially flat surface;

- a collimation means for each the laser diodes, adapt-
ed for generating a collimated light beam from a cor-
responding laser beam, the collimated light beams
being substantially perpendicular on the respective
substantially flat surface;
wherein the laser diodes are comprised in standard
packages, the standard packages comprising a base
plate (typically a metal base plate) serving as cooling
surface of the laser diode, a housing (typically metal
housing) arranged on the base plate to protect the
laser diode, and at least two driving pins which ex-

tend from the laser diode through the base plate and
which are used for driving the laser diode within the
package; and

- wherein the laser diode grid element comprises a
heat sink, the heat sink being arranged in contact
with the base plates, and wherein the at least two
driving pins of each laser diode extend at least par-
tially through the heat sink.

[0019] For the purpose of the present description, the
term "grid" and "grid element" are used. "Grid" refers to
the geometric arrangement as such, while "grid element"
refers to the device comprising the laser diodes arranged
according on it’s surface, preferably according to a grid
structure. The skilled person will understand when one
of the terms would also imply the other.
[0020] Embodiments of the present invention provide
the advantage that a plurality of standard laser packages
can be arranged along a substantially flat surface with
minimal distances (for instance smaller then 2 mm, small-
er than 1 mm, preferably smaller than 0.5 mm) between
nearest laser diode packages (e.g. between two adjacent
standard laser diode packages) in at least 1 direction,
while providing means for efficient cooling and driving of
the lasers. Wherein further the collimated laser beams
of the plurality of diode lasers are combined in an output
aperture of predetermined shape with minimal etendue
An arrangement of standard packages below a certain
density threshold is difficult to achieve because of heating
of the packages and insufficient cooling , e.g. at room
temperature, or insufficient temperature regulation pos-
sibilities. Often lasers need to operate at a predetermined
temperature in order to be optimally efficient or in order
to provide the required frequency, intensity, stability and
lifetime or other characteristics.
[0021] The collimation means can comprise a lens.
The lenses can be spherical or aspherical lenses. Spher-
ical lenses may suffer from spherical aberrations. As-
pherical lenses can resolve these and provide a better
approximation of an ideal lens, such that a better colli-
mation may be achieved. The lenses can be arranged in
alignment with said plurality of laser diodes. The set of
all lenses can be adapted for adjusting the laser beams
generated from the standard laser diode packages into
collimated laser beams which are substantially parallel,
or parallel. Each lens can be adapted for converting a
laser beam generated by a standard laser diode package
into a collimated laser beam, the direction of which is
orthogonal on the substantially flat surface.
[0022] The driving pins are typically metal driving pins,
as they provide the laser diodes with electrical current
for driving and powering them.
[0023] The laser diodes can be single emitter laser di-
odes.
[0024] According to preferred embodiments, the heat
sink comprises a liquid cooling heat exchanger compris-
ing channels for liquid cooling, and the channels and the
driving pins of the laser diodes are offset between each
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other.
The liquid cooling heat exchanger can further comprise
a liquid circulation driving means as for instance a pump
for circulating a cooling liquid (e.g. distilled water, possi-
bly further comprising additives, or other cooling liquids
known to the skilled person) in the channels. By having
the driving pins and liquid cooling channels being offset,
e.g. not overlapping when projected onto the substan-
tially flat surface, the laser diode packages can be ar-
ranged in an optimal arrangement with respect to cooling.
The cooling channels and plurality of laser diode pack-
ages are preferably arranged relative to each other such
that an optimal temperature regulation or cooling of the
laser diode packages can be achieved.
[0025] It is an advantage that the heat from the plurality
of laser diode packages can be extracted, such that the
temperature of the laser diode packages during use can
be controlled, by means of the heat sink. The heat sink
and the laser diode packages are produced independ-
ently. Moreover the dimensions of the heat sink, and the
dimensions and density and arrangement of cooling
channels can be varied based on one of the type, shape,
density, amount, driving power etc. of laser diodes used.
[0026] The heat sink preferably comprise through
holes or vias at locations corresponding with the positions
of the laser diode packages, especially their driving pins.
These vias can be of constant cross-section. They can
for instance be of circular or elliptical cross-section. Other
cross-sections are not excluded as will be recognized by
the skilled person. The vias may comprise an "8" (eight)
- type shaped, which comprises e.g. two circular (or e.g.
elliptical) sub-vias, each sub-via corresponding with a
respective driving pin.
The vias may have an electrically isolated sidewall. The
sidewall of the vias can therefore be provided with a liner
made of an electrically insulating material (for instance
PVC or rubber, but other electrically insulating materials
known to the skilled person may be used). Alternatively
the driving pins may be electrically isolated from the side-
walls of the vias by one, two or more electrical isolation
tubes arranged around the respective driving pins. The
properties of these tubes can be the same as those of
the liner. It is also possible to combine liners and tubes
as described above.
[0027] According to preferred embodiments, the driv-
ing pins are electrically connected to a printed circuit
board provided at a side of the heat sink opposed to the
laser diode side.
By directly connecting the lasers with the printed circuit
board which is arranged just below the heat sink, a very
compact arrangement can be achieved, which is impor-
tant when the available space/volume for designing a
light emitting system is limited. This also provides the
advantage that heat from the driving circuits present on
the printed circuit board can be extracted towards the
heat sink. A further advantage is that the length of the
electrical connection between the laser diode and the
laser driving circuits present on the printed circuit board

can be minimized. This is especially important to enable
high frequency modulation of the laser diodes.
[0028] According to preferred embodiments, the driv-
ing pins are connected to the printed circuit board by
means of an extension connector, the extension connec-
tor at least partially extending into the heat sink.
The use of an extension connector provides the advan-
tage that when the optimal thickness of the heat sink (or
combined thickness of heat sink and thermally conduct-
ing (and preferably electrically isolating) pad when
present, (see below), more generally the distance be-
tween the bottom of the base plates and the top of the
printed circuit board, when assembled, would be larger
than the length of the driving pins (e.g. standard laser
diode package), the interconnect through the heat sink
can still be achieved. The extension connector can com-
prise extension pins which can be connected with the
driving pins of the diode laser package on a first end, and
which can be connected to the printed circuit board at a
second end. Therefore the extension connecter may
comprise a clamping section, e.g. near its center part,
which can guarantee a good and stabile contact between
the driving pins of the laser diode package and the leads
of the extension connector. The use of an extension con-
nector also provides the advantage that the electrical
connection between laser diode package and printed cir-
cuit board is tolerant to small alignment errors, as the
extension connector, or the combination of driving pins
and extension connector can be flexible. The movement
of the electrical contact comprising the driving pins and
the extension connector can be limited by the dimension,
e.g. cross-section of the vias. According to preferred em-
bodiments, each driving pin of a laser diode package can
be extended by means of a separate extension connec-
tor. Alternatively, a single extension connector can be
used for extending two, three or more, e.g. all, driving
pins of a respective laser diode package.
[0029] According to preferred embodiments, the laser
diode grid element further comprises a thermal conduc-
tion means in between the printed circuit board and the
heat sink. This provides the advantage that heat from the
printed circuit board can be more efficiently extracted by,
or guided towards, the heat sink.
[0030] According to preferred embodiments, the colli-
mation means comprises a plurality of lenses provided
in a single molded array of lenses. This can simplify the
assembly of a laser diode grid element. The lenses within
the single molded array are positioned at predetermined
relative positions. Therefor a single alignment step is nec-
essary to align the lenses (collimation means) with the
plurality of laser diodes.
[0031] According to preferred embodiments, the laser
diode grid element further comprises a positioning plate,
the positioning plate being adapted for keeping the laser
diodes at predetermined locations and being arranged
in between the collimation means and the plurality of laser
diodes.
[0032] The positioning plate may therefore comprise
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openings, each of the openings being adapted for receiv-
ing the housings of the laser diode packages. These
opening can for instance have a circular cross-section
for cylindrical housings, whereby the diameter of the
opening is only slightly larger than the diameter of the
cylindrical housing. According to preferred embodiment
the positioning plate is thus arranged at a level above
the level of the base plates of the laser diode packages,
i.e. the bottom surface of the positioning plate is above
the upper surface of the base plate. Preferably one or
more springs are located in between those surfaces
pushing the laser diode package against the flat surface
of the heat sink. According to alternative embodiments,
the positioning plate may comprise recesses corre-
sponding with the base plates of the laser diodes, the
recesses (e.g. circular recesses forming a ring structure
with limited thickness, around the via) being adapted for
accommodating or receiving the base plate. Preferably
the base plate can be accommodated in the recess in
such a way that a spring is positioned between the upper
surface of the baseplate and the bottom (surface) of the
recess, while the lower surface of the baseplate is flush
with the bottom surface of the positioning plate, i.e. these
surfaces are laying in the same plane.
Preferably the positioning plate is made out of a thermally
conducting material, such that heat transfer from the la-
ser diode packages to the heat sink can be improved; an
extra heat transfer pad, through the positioning plate can
be present. This is especially the case when the base
plates of the laser diodes is flush with the bottom of the
positioning plate, when being received in recesses within
said baseplate as described above.
[0033] The use of a positioning plate provides the ad-
vantage that the standard laser diodes can be arranged
easily at predetermined positions. The standard packag-
es have predetermined dimensions, especially their
baseplates. For a predetermined type of laser diode
package, suitably dimensioned openings (and recesses,
if present) can be provided at predetermined positions in
the base plate. The base plates of the laser diodes can
then be positioned by mechanical references on either
the heat-sink or on the positioning plate. According to
preferred embodiments, a thermally conductive paste
can be applied/present in between the base plates of the
laser diodes and the heat sink.
[0034] According to preferred embodiments, the laser
diode grid element further comprises an alignment
means for aligning the collimation means relative to the
heat sink or relative to the positioning plate.
In the case that the collimation means comprises a mold-
ed array of collimating lenses, the alignment means is
preferably adapted for aligning and preferably also fixing
the molded array of collimating lenses relative to the heat
sink and therefore relative to the laser packages (as the
laser packages are at predetermined positions with re-
spect to the heat sink). The alignment means may com-
prise a plurality of individual adjustment means, for in-
stance a first set of adjustment means adapted for con-

trolling the distance and parallelism between the array
of collimating lenses and the substantially flat surface
along which the laser diodes are mounted, and a second
set of adjustment means adapted for aligning the optical
axes of the collimating lenses with the center of the laser
beams emitted from the laser diodes. The alignment
means may further comprise fixation means to lock the
collimation means in position after adjustment.
[0035] According to alternative embodiments, the laser
diode grid element does not comprise said alignment
means, as alignment can also be performed with an ex-
ternal alignment means, which itself does not cause a
permanent fixation of the molded array of collimating
lenses with the heat sink. Therefore a system comprising
a laser diode grid element according to embodiments of
the present invention but without "internal" alignment
means, and an alignment means external to the laser
diode grid element is disclosed. After the alignment step
the collimating lenses can for instance be glued in place
and the external alignment means can be removed.
[0036] A single alignment can therefor be enough to
align the collimating means for all laser diode packages.
[0037] According to preferred embodiments, the laser
diodes are arranged according to a grid structure on the
substantially flat surface, the grid structure having a ver-
tical inter-diode spacing and a horizontal inter-diode
spacing orthogonal on the vertical inter-diode spacing.
Each of the laser diodes can comprise a slow axis and
a fast axis. The laser diodes can be oriented within the
grid with their respective slow axis and fast axis aligned
along a slow axis direction and a fast axis direction re-
spectively. The size of the collimated light beams along
the slow axis can be substantially smaller than the inter-
diode spacing along the slow axis direction.
[0038] It is an advantage of the present invention that
the asymmetry of the light beams, which can be seen as
a disadvantage in beam combing context, is instead pos-
itively used. This is done by arranging substantially iden-
tical laser diode packages / laser diodes in a regular grid,
the grid comprising a constant grid distance in two or-
thogonal directions, say horizontal and vertical direc-
tions, with their respective slow axis and fast axis aligned.
The asymmetry of each of the laser diodes is thereby
ordered, and compensation for this asymmetry can be
performed more easily. Especially the distance between
two laser diode packages can be chosen differently in
fast and slow axis direction.
[0039] According to preferred embodiments, the or-
thogonal projections of the cooling channels on the sub-
stantially flat surface are extending in between the laser
diodes along the fast axis direction. They can be extend-
ing substantially or only along the fast axis direction.
As the grid distance can be different in the fast axis di-
rection and the slow axis direction, while providing an
optimal beam combination, the region defined by the larg-
est distance (typically along the slow axis direction), al-
lows the positioning of cooling channels in a direction
perpendicular thereon, i.e. along the fast axis direction.
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The asymmetry is thus used in order to create a degree
of freedom for design, the degree of freedom being used
for providing an improved cooling system, the improved
cooling system for instance comprising an improved ar-
rangement of cooling channels.
[0040] It will be appreciated by the skilled person that
by arranging standard laser diode packages as close as
possible together in the fast axis direction (aligned along
their fast and slow axis), the corresponding collimated
light beams have no or almost no opening between each
other in that direction (For TO-9 packages the laser diode
packages can for instance be spaced apart (have corre-
sponding "gaps") in the fast axis direction by about 0.5
mm, but this distance can vary on the type of package -
for most packages a distance below 2, 1 or 0.5 mm will
be possible, or a distance of about 2, 1, 0.5 will be
optimal) . In the slow axis direction gaps may be auto-
matically present because of the asymmetry of the colli-
mated beam shapes. When beam combining optics has
to be or is used to bring the collimated laser beams closer
together, the necessary distance / a predetermined place
for the cooling channels can be foreseen, and the beam
combing optics can be adapted for taking into account
the necessary distance /predetermined place.
It will be appreciated that cooling channels may be , or
may also be, extending along the slow axis direction, but
that additional beam combining optics may then be re-
quired, i.e. the collimated laser beams combining means
may be adapted for bringing closest neighbor collimated
laser beams closer together in the fast axis direction.
[0041] According to preferred embodiments, the cool-
ing channels have a variable width, the width being larger
in the area with a higher local laser diode density than in
an area with a lower local laser diode density.
This provides the advantage that the heat that can be
extracted by the cooling channels and can be optimized
as a function of the local diode density. Note that within
the diode grid, the diode density will typically be constant.
At the perimeter of the grid, or at regions within the grid
where no laser diodes are present (for instance because
of the type of beam combining means or optics used or
a non-rectangular shape of the output aperture) less cool-
ing is required, and cooling channels can be relatively
narrower.
[0042] According to a second aspect of the present
invention, a light emitting system is disclosed, comprising
at least one laser diode grid element according to any of
the embodiments of the first aspect, which further com-
prises a means for combining the plurality of collimated
laser beams into a predetermined output aperture.
This provides an alternative solution for combining a plu-
rality of collimated laser beams into a predetermined out-
put aperture.
[0043] According to preferred embodiments, the
means for combining the plurality of laser beams is adapt-
ed for reflecting the collimated laser beams such that a
distance between two adjacent collimated laser beams
along the slow axis direction, originating from the same

laser diode grid element, in a plane defined by the pre-
determined output aperture, is smaller than the distance
in a plane defined by the respective substantially flat sur-
face.
In a certain view, collimated laser beams, originating from
a single grid and being at a certain distance from each
other within the grid, can thus be brought closer together
when they are passing through the predetermined output
aperture.
[0044] According to preferred embodiments, the
means for combining the plurality of laser beams is adapt-
ed for reflecting the collimated laser beams such that a
distance between two adjacent collimated laser beams
along the fast axis direction, originating from the same
laser diode grid element, in a plane defined by the pre-
determined output aperture, is smaller than the distance
in a plane defined by the respective substantially flat sur-
face.
This provided the additional advantage that if the colli-
mated laser beams originating from laser diode packages
which are neighbouring in the fast axis direction, but
which are not close enough, can further be brought closer
together when they are passing through the predeter-
mined output aperture.
[0045] According to preferred embodiments, the light
emitting system, comprising at least one laser diode grid
element according to any of the embodiments of the first
aspect, further comprises a means for combining said
plurality of collimated laser beams into a predetermined
output aperture, the means for combining comprising to-
tal internal reflection prisms and/or mirror strips and/or
patterned mirrors, wherein the distance between two ad-
jacent collimated laser beams in a plane defined by said
predetermined output aperture is smaller than the dis-
tance between two adjacent collimated laser beams in a
plane defined by the substantially flat surface of the at
least one laser diode grid element along the slow and/or
fast axis direction.
[0046] According to preferred embodiments, the light
emitting system comprises at least two laser diode grid
elements, and the means for combining the plurality of
laser beams is adapted for reflecting the collimated laser
beams such that projections on a plane defined by the
predetermined output aperture for the collimated laser
beams originating from different the laser diode grid el-
ements are interposed between each other.
[0047] According to preferred embodiments, the
means for combining the plurality of laser beams is adapt-
ed for reflecting the collimated laser beams such that the
distance between any pair of nearest collimated beams
in a plane defined by the predetermined output aperture
is smaller than the minimal inter-diode distance along the
slow axis direction in a plane defined by the respective
substantially flat surface for the respective laser diode
grid elements.
[0048] According to preferred embodiments, the
means for combining comprises flat reflection surfaces.
The means for combining can comprise only flat reflec-
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tion surfaces. The means for combining can comprise
total internal reflection prisms or mirrors. The means for
combining can comprise at least one patterned mirror. A
patterned mirror can for instance be or comprise a flat
optical surface with parts of the flat surface being adapted
for reflecting light and other parts of the surface being
adapted for allowing light to pass through. The pattern
could for instance comprise a stripe pattern or a check-
erboard pattern. According to preferred embodiments,
the means for combining can comprise an array of re-
flecting surfaces for reflecting the collimated laser beams
through the predetermined output aperture.
The means for combining can thus be simplified when
the order is introduced wherein laser diode packages are
arranged into a grid structure along a substantially flat
surface. This especially when they comprise a slow axis
and a fast axis and the laser diode packages are aligned
according to these axis within the grid.
[0049] According to preferred embodiments, each re-
flective surface of the array of reflecting surfaces is adapt-
ed and arranged for reflecting collimated laser beams of
laser diodes positioned along a same row or column of
a respective laser diode grid element.
[0050] According to preferred embodiments, the light
emitting system comprises at least two, or two, laser di-
ode grid elements, a first and a second laser diode grid
element, according to the first aspect of the present in-
vention. The respective substantially flat surfaces of the
first and the second laser diode grid elements can be
substantially parallel.
[0051] According to preferred embodiments, the pro-
jections of the locations of the laser diodes of the first
laser diode grid and the second laser diode grid onto a
plane which is substantially parallel with the respective
substantially flat surfaces, are interposed. As there is no
overlap between collimated laser beams originating from
different laser diode grid elements, an optimal beam com-
bining into a predetermined output aperture can be
achieved.
[0052] According to preferred embodiments, the light
emitting system comprises at least three, or three, laser
diode grid elements according to the first aspect of the
present invention, a first wherein two laser diode grid
elements are positioned such that their substantially flat
surface comprising laser diodes are substantially parallel
and facing each other, and wherein the substantially flat
surface of a third laser diode grid is positioned perpen-
dicular thereon. According to preferred embodiments,
the light emitting system comprises at five laser diode
grid elements according to the first aspect of the present
invention, the five laser diode grid elements being ar-
ranged according to a cubic arrangement, the cubic ar-
rangement defining a cube with six surfaces, wherein
one of the six surfaces is left open, and wherein the sub-
stantially flat surfaces of the laser diode grid elements
are facing the internal of the cube and the other respec-
tive 5 surfaces.
An optimal, high density beam combining system for

combining collimated laser beams is hereby created,
which can moreover be optimally cooled.
[0053] According to a third aspect of the present inven-
tion, an optical component is disclosed for collimating
laser beams of a plurality of laser diodes, the plurality of
laser diodes adapted for generating a plurality of laser
beams and being arranged according to a grid structure
on a substantially flat surface, the optical component
comprising a single molded array of collimating lenses.
The optical component can be a single molded array of
collimation lenses.
[0054] According to preferred embodiments, the opti-
cal component comprises a means for aligning the single
molded array of collimating lenses relative to the laser
diodes. The alignment means including first adjustment
means adapted for controlling the distance and parallel-
ism between the array of collimating lenses and the sub-
stantially flat surface along which the laser diodes are
mounted, and second adjustment means adapted for
aligning the optical axes of the collimating lenses with
the center of the laser beams emitted from the laser di-
odes.

BRIEF DESCRIPTION OF THE DRAWINGS

[0055] Further features of the present invention will be-
come apparent from the drawings, wherein:

Fig. 1 is a side elevation of a state of the art standard
laser diode package.
Fig. 2 is a side elevation of an embodiment according
to aspects of the present invention, wherein light
from two laser diode grid elements is combined into
a circular aperture.
Fig. 3 is a top or bottom view of the embodiment
according to Fig. 2.
Fig. 4 is a side view of the embodiment according to
Fig. 2
Fig. 5 is a ray tracing schematic of the embodiment
depicted in Fig. 2, corresponding to the view of Fig. 4.
Fig. 6 illustrates the laser beam distribution after col-
limation, for a single grid of laser diodes, according
to embodiments of the present invention.
Fig. 7 illustrates the collimated laser beam distribu-
tion at a circular output aperture, when collimated
laser beams are combined from two different laser
diode grid elements, according to embodiments of
the present invention.
Fig. 8 is a ray tracing schematic, similar to Fig. 5, of
another embodiment of the present invention,
wherein collimated laser beams from three laser di-
ode grid elements are combined in a circular output
aperture.
Fig. 9 illustrates the collimated laser beam distribu-
tion at a circular output aperture, when collimated
laser beams are combined from three different laser
diode grid elements, according to embodiments of
the present invention.
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Fig. 10 is a ray tracing schematic, similar to Fig. 8,
for another embodiment according to the present in-
vention, wherein collimated laser beams from three
laser diode grid elements are combined in a circular
output aperture, and wherein the means for combin-
ing comprises patterned mirrors.
Fig. 11 is a side view of the embodiment depicted in
Fig. 10.
Fig. 12 is a ray tracing schematic of a further em-
bodiment according to the present invention.
Fig. 13 illustrate a further embodiment according to
aspects of the present invention, wherein collimated
laser beams originating from four different laser di-
ode grid elements is combined into a circular aper-
ture
Fig. 14 illustrates the filling of the circular aperture
by collimated laser beams originating from four dif-
ferent diode laser grid elements.
Fig. 15 is a perspective view of a laser diode grid
element according to aspects of the present inven-
tion, corresponding for instance with a single laser
diode grid.
Fig. 16 is a perspective cross sectional view of a
liquid cooling plate used in the assembly depicted in
Fig. 15.
Fig. 17 is a perspective view of an adjustment means
for a collimating lens array according to aspects of
the present invention.
Fig. 18 illustrates an extension connector according
to embodiments of the present invention.

DETAILED DESCRIPTION OF EMBODIMENTS

[0056] The present invention will be described with re-
spect to particular embodiments and with reference to
certain drawings but the invention is not limited thereto
but only by the claims. The drawings described are only
schematic and are nonlimiting. In the drawings, the size
of some of the elements may be exaggerated and not
drawn on scale for illustrative purposes. Where the term
"comprising" is used in the present description and
claims, it does not exclude other elements or steps.
Where an indefinite or definite article is used when refer-
ring to a singular noun e.g. "a" or "an", "the", this includes
a plural of that noun unless something else is specifically
stated.
[0057] The term "comprising", used in the claims,
should not be interpreted as being restricted to the means
listed thereafter; it does not exclude other elements or
steps. Thus, the scope of the expression "a device com-
prising means A and B" should not be limited to devices
consisting only of components A and B. It means that
with respect to the present invention, the only relevant
components of the device are A and B.
[0058] Furthermore, the terms first, second, third and
the like in the description and in the claims, are used for
distinguishing between similar elements and not neces-
sarily for describing a sequential or chronological order.

It is to be understood that the terms so used are inter-
changeable under appropriate circumstances and that
the embodiments of the invention described herein are
capable of operation in other sequences than described
or illustrated herein.
[0059] Moreover, the terms top, bottom, over, under
and the like in the description and the claims are used
for descriptive purposes and not necessarily for describ-
ing relative positions. It is to be understood that the terms
so used are interchangeable under appropriate circum-
stances and that the embodiments of the invention de-
scribed herein are capable of operation in other orienta-
tions than described or illustrated herein.
[0060] In the drawings, like reference numerals indi-
cate like features; and, a reference numeral appearing
in more than one figure refers to the same element.
[0061] In Fig. 1 a standard laser diode package 1 is
depicted, often also referred to as diode laser. The laser
diode package can for instance be of the type of TO-9,
but can be of any other standard or non standard type
with similar characteristics, as will be recognized by the
skilled person. It can be for instance of the TO-38, TO-
56, TO-3, SOT-01, SOT02, CMT02, ... type. The pack-
age is composed of a base plate 2, typically a metal plate,
which serves as the cooling surface for the laser. On this
cooling plate a metal housing 3 is mounted to protect the
actual semiconductor laser. The laser light is emitted as
a beam 10 in a direction perpendicular to the cooling
plate (upwards in the left pane of Fig. 1) and leaves the
TO9 can through a window 4 in the housing. There are
typically two or three pins 5 on the back side of the cooling
plate, which are used for driving the lasers. These driving
pins are typically electrically isolated from the base plate
by means of an isolation means 14.
[0062] According to embodiment of the present inven-
tion, illustrated in Fig. 2, the laser diodes, for instance
standard laser diode packages 1, are arranged according
to two array or grid structures G and G’. The two grid
structures G, G’ , each comprising a plurality of laser di-
odes 1 , adapted for generating a plurality of laser beams
10. The laser diodes of each grid structure are preferably
being arranged on a substantially flat surface. The laser
diodes of the structures G and G’ are facing each other,
and the respective substantially flat surfaces are sub-
stantially parallel or parallel.
[0063] Each grid structure G, G’ typically has a hori-
zontal inter-diode spacing and a vertical inter-diode spac-
ing, as illustrated in Fig. 3, both spacing being along per-
pendicular directions. According to preferred embodi-
ment, the laser packages are physically aligned along
their slow and fast axis within the grid, these axes for
instance corresponding to a horizontal and a vertical di-
rection of the grid. The laser diodes are physically spaced
together as close as possible in the direction of the fast
axis of the diode, at a corresponding distance dF between
the laser beams. In the direction of the slow axis of the
diode lasers the packages are physically spaced further
apart, at a corresponding distance dS between the laser
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beams. As will be discussed further this spacing is in-
strumental to enable the cooling of the lasers.
[0064] The distances, also called spacings, between
laser diodes, laser beams or collimated laser beams are
considered as being the distances between the centers
of the associated laser beams or collimated laser beams.
It will be recognized that a spacing between laser beams
can be mapped uniquely on a gap between laser diodes
or laser diode packages and that relations expressed be-
tween (collimated) laser beams can be mapped on rela-
tions between laser diodes or laser diode packages. For
the purpose of the present invention, the terminology
"gap" (gS: along the slow axis, gF: along the fast axis) is
used when referring to the actual space in between laser
diode packages.
[0065] A collimating lens 6 is foreseen for each laser
diode 1, adapted for generating a collimated light beam
101 from a corresponding laser beam 10, the collimated
light beam being substantially perpendicular on the sub-
stantially flat surface. Here the set of collimating lenses
is provided as an array 600 for each grid structure, formed
from a single mold. This is advantageous as will be de-
scribed further, but is not strictly necessary.
[0066] A means for combining the plurality of collimat-
ed laser beams 7 into a predetermined output aperture
8, here a circular aperture, is provided. Here, a set of
total internal reflection prisms 71 -having flat surfaces-
is used. Alternatively, or in combination therewith, a set
of flat mirrors or flat patterned mirrors can be used. Ex-
amples thereof are described further on.
[0067] The one or more grids can further be defined
by one or more outer perimeter(s). This outer perimeter
of the laser diode grid depends on the predetermined
output aperture, the number of grids (thus grid elements)
from which collimated laser beams have to be combined;
as well as on the specific type of means for combining
collimated laser beams. The outer perimeter can for in-
stance describe half an ellipse, or half a circle when com-
bining towards a circular output aperture is envisaged by
means of a means for combining which comprises only
flat reflection surfaces.
[0068] At the more generic level, the size of the colli-
mated light beams along the slow axis is thus substan-
tially smaller than the inter-diode spacing along the slow
axis direction. For example with a typical divergence an-
gle of 25° in the slow axis and 50° in the fast axis, the
size of the collimated light beam will only be half as wide
in the slow axis direction than it is in the fast axis direction.
If the inter-diode spacing is minimized along the fast axis
and the collimating optics are designed such that the
width of the collimated beam along the fast axis closely
fits this spacing, the size of the collimated beam along
the slow axis will be 50% or less of the inter-diode spacing
along the slow axis. The means for combining the plurality
of laser beams is adapted for reflecting the collimated
laser beams such that a distance dSA between two col-
limated laser beams, corresponding to two adjacent laser
diodes along the slow axis direction, along a plane de-

fined by the predetermined output aperture, is smaller
than the distance dS along a plane defined by the sub-
stantially flat surface.
According to further embodiments, this can also be per-
formed analogously for the fast axis (distances dFA and
dF).
[0069] Referring to embodiment illustrated in Figures
2 till 7, the larger spacing between the lasers along the
slow axis is condensed by using a set of mirroring sur-
faces at a 45 degree angle. To reduce the path length of
the collimated beams advantageously the total amount
of lasers is split into two halves, corresponding to two
grid structures. Within each halve the lasers are arranged
within the perimeter of half an ellipse. The combined
beams after condensation of the spacing along the slow
axis approaches a circular shape and is aimed towards
a circular aperture, as illustrated in FIG. 2.
[0070] The top view in FIG. 3 illustrates the distribution
of the diode lasers across one half of the array. The pack-
ages are spaced as close as possible along the fast axis
of the diode lasers (distance dF, gap gF), while leaving
a gap gS, corresponding to a distance dS, along the slow
axis between adjacent laser packages. Further the dif-
ferent rows and columns are populated with laser diodes
to approximate an elliptical shape.
[0071] In addition to a difference in pitch along the slow
and fast axis there is also a difference in amount of lasers
along the direction of the slow axis. Since the beam waist
after collimation is smaller in the direction of the slow
axis, more lasers can be fitted in this direction.
[0072] FIG. 4 shows a side view of the laser array beam
combining. The spacing of the TIR reflecting prisms is
chosen to condense the distance that exists between ad-
jacent lasers along the slow axis of the laser diodes. The
TIR reflecting surfaces at the same time combine the 2
halves of the laser grid into a common circular aperture.
[0073] In FIG. 5 the optical ray tracing of the beam
combiner according to Fig.’s 2 to 4 is illustrated, for the
collimated laser beams 101.
[0074] First the laser beams 10 are collimated by
means of the collimation lens array 600. This lens array
consists of aspherical lenses which efficiently collimate
the light over the wide range of angles emitted by the
laser. Spherical lenses can be used too, but they typically
result in a less collimated beam, which can though be
sufficient overall. The lasers are preferably collimated
such that the maximum divergence is smaller than 0.25°
degrees. In one direction the divergence is somewhat
larger than the other direction. This can be solved by
using two arrays of cylindrical lenses, as this is known to
the skilled person. One of those arrays of cylindrical lens-
es may be comprised inside the laser package.
[0075] However, the use of a single lens per laser diode
is preferred. One or more further lenses per diode may
be used, but this adds a second or further optical com-
ponent that has to be aligned with respect to the laser
beams. In addition, due to the mechanical tolerances of
the lasers inside the standard, e.g. TO-can packages, a
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better collimation can in practice not be obtained. The
result is a laser beam that is very well collimated, but its
geometrical shape is asymmetric: it is much wider along
the fast axis. This is illustrated in FIG. 6.
[0076] Next, the distances between the collimated
beams along the slow axis dS are reduced by means of
an assembly of beam combining prisms. Each line of
laser beams is reflected by the corresponding prism in a
direction parallel to the laser array. By choosing an ap-
propriate spacing between these beam combining
prisms, the distance between the laser line beams, can
be greatly reduced to dSA. Preferably dSA is chosen to
be a bit larger then the beam waist along the slow axis,
as it makes the system tolerant enough for the precision
of the mechanical and optical components, while still cap-
turing all of the available light.
[0077] Now a combined laser beam is obtained that is
well collimated and of which its intersection is as small
as possible. The shape of the combined laser beam
should be adapted to the remaining optical system of the
projector. In case the lasers are focused into e.g. an in-
tegration rod by means of a condensing lens, the com-
bined beam, after the beam combining prisms preferably
is circular.
[0078] This can be done by arranging the lasers into
two grid structures each fitting within a half ellipse
perimeter . In combination with the condensing and beam
combining achieved by the positioning of TIR prisms, the
circular aperture of the projector is nicely filled with light,
as is illustrated in FIG. 7. Uniform filling of the aperture
of the projector, generates maximal light output and de-
livers optimal uniformity as well as reduced speckle con-
trast of the projected image.
[0079] Alternatively, a circular filling of the aperture can
also be achieved by arranging all diode lasers in a single
grid structure within an elliptical perimeter. However this
increases the total footprint and the path length of the
collimated beams, thereby increasing the tolerance sen-
sitivity.
[0080] For example, in the case of TO-9 packages, the
laser cooling plate is 9 mm in diameter. Taking into ac-
count a minimal spacing between packages determined
by the space required for the mechanical system that
holds the lasers (gF = 0.5 mm) an inter-diode spacing dF
of 9.5 mm along the fast axis can be achieved. The same
spacing is present between adjacent beams along the
fast axis at the position of the output aperture (dF=dFA).
The collimation lenses 6 are designed such that the beam
waist in the direction of the fast axis at the position of the
output aperture is almost equal to the spacing dFA. Pref-
erably it is a bit smaller to account for mechanical and
optical tolerances as illustrated in FIG. 7.
[0081] However the beam waist after collimation is
much smaller in the slow axis direction. Even if the same
inter-diode spacing was used in the direction of the slow
axis, without any further measures, this will result in a
loss of the available étendue as about half of the available
space at the output aperture remains unused.

[0082] The beam combining optics allows to avoid this
loss and accommodate a wider gap between the pack-
ages, in the direction of the slow axis (for example gS =
3mm). The inter-diode spacing along the slow axis can
thus be increased to dS = 12mm. This wider spacing is
beneficial for the cooling system, as it results in an addi-
tional space for the cooling channels in the wafer-like
liquid cooling block. As such the problem of the limited
space for the cooling is solved.
[0083] The beam combining optics will reduce the
space between collimated beams in the slow axis direc-
tion at the position of the output aperture dSA to be almost
equal to the beam waist in the direction of the slow axis .
Preferably the beam waist is a bit smaller than dSA to
account for mechanical and optical tolerances. For ex-
ample dSA = 5.5 mm.
[0084] As stated above, the systems according to em-
bodiments of the present invention are arranged and
adapted such that preferably small openings exist be-
tween the different collimated laser beams in order to
accommodate any optical and/or mechanical tolerances
and still capturing all of the available light and maximize
the light efficiency.
[0085] In some applications it can be desired to further
increase the amount of lasers that can be coupled into
the circular aperture, even if a small percentage of the
light may be lost, for instance in worst case tolerance
conditions.
[0086] In such applications the openings remaining in
between the individual laser beams (e.g. along the fast
axis) can be filled by placing a third grid of diode laser
perpendicular to the two halves as illustrated in FIG. 8.
The strips of TIR prisms are now interrupted at the posi-
tions where the light rays from the third laser array are
passing.
[0087] If the polarization of the combined laser bundle
is not or less important, the orientation of the laser beams
from the third grid can be turned 90 degrees versus the
orientation of the laser beams from the first and second
grid. Then the lasers in the third grid are positioned as
close as possible along the slow axis while a wider spac-
ing is provided along the fast axis to allow liquid cooling
channels to pass between the lasers in the direction of
the slow axis. This way an aperture filling as illustrated
in FIG. 9 can be obtained where the residual spacing
along the fast axis after combination of the first and sec-
ond grid structure is filled with light from the third grid
structure.
[0088] Alternative to the use of TIR prisms, it is also
possible to use a set of patterned mirrors, which contain
a reflective portion where the light from the lasers is to
be deflected, e.g. at 90 degrees, and a transparent por-
tion where the light of other lasers needs to pass. Such
mirrors can be created with any two dimensional pattern
and provide more flexibility to interleave the laser beams
in two directions. For example in FIG. 10 the top and
bottom arrays are interleaved in the vertical direction
while the right array is interleaved in the depth direction.
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Since now non-adjacent rows of lasers are interleaved,
the distribution of lasers to approach a circular aperture
filling, now no longer fits within an elliptical perimeter as
illustrated in FIG. 11.
[0089] Another solution to fill the remaining openings
along the fast axis of the lasers is to use a setup with
only a top and bottom grid, however with each array ar-
ranged to fill the entire circular aperture. By means of a
relative offset between the top and bottom grids the
beams can be interleaved in one or two directions. This
is illustrated in FIG. 12. Such interleaving enables a wider
spacing of the laser packages in the array also along the
fast axis. In this setup cooling channels could be oriented
then also along the slow axis. With such a setup it is
possible to have the same orientation of the lasers in
both arrays if the combined beam is desired to be polar-
ized. On the other hand it is possible to have orthogonal
orientation if the combined beam is desired to be unpo-
larized.
[0090] To decrease the path length and enable a more
compact setup, it is also possible to use four grids (and
thus grid elements). Two positioned at the top and bottom
(Gt - not depicted, and Gb) and two positioned at each
side (Gl, not depicted, and Gr). This is illustrated in FIG.
13. A first set of crossed patterned mirrors 71 H are used
for the horizontal combination of the left and right grid
elements. A second interwoven set of crossed patterned
mirrors 71 V are used for the vertical combination of top
and bottom grids.
[0091] Except for the different path length the setup of
FIG. 12 and FIG. 13 is similar, in both cases four circular
patterns of lasers are interleaved to fill the complete ap-
erture as illustrated in FIG. 14, where the numbers within
the array correspond to respective grid elements of the
four laser diode grid elements wherefrom the collimated
laser beams are originating. The patterned mirrors
should be transparent at the positions where light rays
from other arrays are required to pass.
[0092] According to a further example, combinations
of the above architectures are possible. The setups of
either FIG. 12 or FIG. 13 could be combined with an ad-
ditional laser array in the back. Should interleaving of
four circular patterns of lasers still not yield the desired
spacing between adjacent laser packages in the array,
then interleaving of up to eight circular patterns of lasers
is possible if the architecture of FIG. 13 and FIG. 14 are
combined.
[0093] The grids G, G’ of laser diodes 1 and collimator
lenses 6, by means of a molded array 600, are comprised
in an assembly 200 together with the laser driving board
12 and the heat sink, e.g. a liquid cooling heat exchanger
11. In Fig. 15 the main parts of the assembly are shown.
The TO9-can type packages of the diode lasers 1 are in
direct contact with the liquid cooling heat exhanger 11 (a
thermal paste is applied in the contact area to guarantee
optimal thermal conduction) that contains channels 111
to allow the passing of a cooling fluid. A printed circuit
board 12 is positioned in the back of the liquid cooling

heat exchanger 11 to connect the laser diodes 1. Con-
nections can be made through soldering, or via a con-
nector system 13 as will be discussed with respect to
Fig.16. The thickness of the liquid cooling heat exchanger
is limited by the length of the connections, which in the
case of standard TO-9 can and direct soldering is about
5mm. The printed circuit board can also contain active
circuits to drive the diode lasers 1. Then, advantageously
a thermally conductive interface pad can be used in be-
tween the printed circuit board 12 and the cooling plate
11 to also guide the heat from the driver circuits better
to the heat sink. Alternatively, when the heat sink is di-
mensioned only based on the cooling capacity for the
plurality of laser diodes, an thermally insulating interface
pad can be provided in between in between the printed
circuit board 12 and the cooling plate 11.
[0094] The positioning of the individual lasers in the
array needs to be precisely controlled. Therefore the sub-
stantially flat surface of the heat sink can be equipped
with mechanical references (e.g. dowel pins). In a pre-
ferred embodiment the base plate of the laser diode pack-
ages is pushed against these echanical references by
means of a positioning plate 9 and springs. The position-
ing plate 9 and the springs can guarantee that the laser
packages are maintaining into a well defined position ver-
sus the substantially flat surfaces and its mechanical ref-
erences, and therefore a precise relative positioning and
spacing of all the lasers in the array or grid. In case of a
fixed connection between the lasers 1 and the driver PCB
12, the positioning plate 9 and springs are preferably
mounted prior to soldering of the laser diodes 1 onto the
PCB. The aspherical collimating lenses 7 are preferably
molded in one single glass piece 71, as such the relative
positioning and spacing between the lenses is inherently
guaranteed, and matched to the positioning and spacing
of the laser diodes in the array/grid. The completed ar-
ray/grid of collimating lenses 71 is mounted with adjust-
ments relative to the substantially flat surface of the heat-
sink and therefore relative to the laser diodes.
[0095] FIG. 16 provides a cross section of the liquid
cooling plate 11. The increased distance in between the
laser diodes along the slow axis enables transversal cool-
ing channels 111 in between the rows of laser diodes 1.
The shape of the cooling channels 111 is optimised to
distribute the flow of cooling fluid proportionally with the
heat load along each channel 111. Wider cooling chan-
nels are provided as the number of lasers per row in-
creases towards the centre of the ellipse,. Hence the flow
rate increases in these channels that have to transport
more heat, and temperature differences between differ-
ent positions in the array are minimized.
[0096] The aspheric collimation lenses are molded in
one single glass piece 71, and reference planes can be
molded with the lens surface to serve as a mechanical
reference. The lens array is preferably adjustable with
respect to the laser diodes and the substantially flat sur-
face. In FIG. 17 it is illustrated how a system of screws
and springs enables adjustment with the full six degrees
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of freedom (position and tilt along the three axes) to per-
fectly position the lens array to be in alignment with the
laser array and adjust the plane of focus. Theoretically
the plane of focus of the collimation lenses is aligned as
close a possible to the position of the exit facet of the
laser diodes. In absence of tolerances the combined la-
ser beam will then be almost perfectly collimated. If a
condensing lens is focusing the light into a light integrat-
ing rod, such a near perfect focus might not be preferred.
It may create a very high local intensity, which may be
disadvantageous for uniformity mixing in the integrator
rod, or even cause damage. Therefore it can be preferred
to adjust the focus of the collimating lenses to deviate a
bit from perfect collimation, as long as it does not com-
promise the light output of the projection system. This
means the angular deviation from perfect collimation
should still be small enough so that all the light can be
coupled to the entrance of the integrator rod.
[0097] The connection between the laser diodes 1 and
the printed circuit board 12 can be made through direct
soldering. While this approach is relatively simple, it may
also have disadvantages. The maximum thickness of the
liquid cooling plate is for instance limited by the length of
the leads of the TO-9 package. Moreover, the laser is
position restrained by both the soldering and the clamp-
ing by the positioning plate onto the liquid cooling plate,
which may induce mechanical stress, for example
caused by temperature variations. E.g. when starting up
or shutting down.
Advantageously, a connector extension system 13 com-
prising connectors 130 is used to allow for electrical con-
tact, without disturbing the fixed optical and mechanical
positioning of the lasers. Small misalignments of the PCB
12 can be corrected due to the flexibility of the connectors
130. The connector can also extend the space between
the printed circuit board 12 and the laser diodes 1 to
enable additional thickness of the liquid cooling heat ex-
changer 11. In FIG. 18 a possible implementation of such
a connector extension 130 is illustrated. The extension
connector 130 comprises a clamp spring section in the
middle to guarantee good contact with the leads (driving
pins) of the TO-can while allowing the leads to freely
move and adjust. On the other side solder pins 131 can
be received. An isolation means as for instance a tube
132 can be provided. The isolation means 132 slides
over connector extension 130. As in the final assembly
both parts protrude the liquid cooling heat exchanger 11,
the isolation 132 prohibits electrical contact between the
connector and the liquid cooling heat exchanger.
[0098] It is to be understood that the invention is not
limited to the particular features of the means and/or the
process steps of the methods described as such means
and methods may vary. It is also to be understood that
the terminology used herein is for purposes of describing
particular embodiments only, and is not intended to be
limiting. It must be noted that, as used in the specification
and the appended claims, the singular forms "a" "an" and
"the" include singular and/or plural referents unless the

context clearly dictates otherwise. It is also to be under-
stood that plural forms include singular and/or plural ref-
erents unless the context clearly dictates otherwise. It is
moreover to be understood that, in case parameter rang-
es are given which are delimited by numeric values, the
ranges are deemed to include these limitation values.
[0099] The particular combinations of elements and
features in the above detailed embodiments are exem-
plary only. As those skilled in the art will recognize, var-
iations, modifications, and other implementations of what
is described herein can occur to those of ordinary skill in
the art without departing from the scope of the invention
as claimed. Accordingly, the foregoing description is by
way of example only and is not intended as limiting. The
invention’s scope is defined in the following claims. Fur-
thermore, reference signs used in the description and
claims do not limit the scope of the invention as claimed.

Claims

1. A laser diode grid element, comprising

- a plurality of laser diodes adapted for generat-
ing a corresponding plurality of laser beams (10)
and said plurality of laser diodes being arranged
along a corresponding substantially flat surfac-
es; said laser diodes being comprised in stand-
ard packages (1), said standard packages com-
prising a base plate (2) serving as cooling sur-
face of the laser diode, a metal housing (3) ar-
ranged on said base plate (2) to protect said
laser diode, and at least two driving pins (5)
which extend from said laser diode through said
base plate (2) and which are used for driving
said laser diode within said package (1); and
- a collimation means (6) for each said laser di-
odes, adapted for generating a collimated light
beam (7) from a corresponding laser beam (10),
said collimated light beams (7) being substan-
tially perpendicular on said respective substan-
tially flat surface;

wherein said laser diode grid element comprises a
heat sink, said heat sink being arranged in contact
with said base plates (2), and wherein said at least
two driving pins (5) of each laser diode extend at
least partially through said heat sink; and
characterized in that
said heat sink comprises a liquid cooling heat ex-
changer comprising channels (111) for liquid cool-
ing, and wherein said channels (111) and said driving
pins (5) of said laser diodes are offset between each
other.

2. A laser diode grid element according to any of the
previous claims, wherein said driving pins (5) are
electrically connected to a printed circuit board (12)
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provided at a side of said heat sink opposed to the
laser diode side.

3. A laser diode grid element according to claim 2,
wherein said driving pins (5) are connected to said
printed circuit board (12) by means of an extension
connector (13), said extension connector (13) at
least partially extending into said heat sink.

4. A laser diode grid element according to claim 2 or 3,
further comprising a thermally conducting means in
between said printed circuit board (12) and said heat
sink adapted for guiding heat from said printed circuit
board (12) to said heat sink.

5. A laser diode grid element according to any of the
previous claims, wherein said collimation means (6)
comprises a plurality of lenses provided in a single
molded array of lenses.

6. A laser diode grid element according to any of the
previous claims, further comprising a positioning
plate (9) and springs, said positioning plate (9) and
springs being adapted for keeping said laser diodes
at predetermined locations on said substantially flat
surface and being arranged in between said collima-
tion means (6) and said plurality of laser diodes.

7. A laser diode grid element according to claim 6,
wherein mechanical references are provided on said
substantially flat surface defining said predeter-
mined locations.

8. A laser diode grid element according to any of claims
5 to 7, further comprising an alignment means for
aligning said collimation means relative to said laser
diodes on said substantially flat surface.

9. A laser diode grid element according to any of the
previous claims, wherein said laser diodes are ar-
ranged according to a 2D grid structure on said sub-
stantially flat surface, said grid structure having a
vertical inter-diode spacing and a horizontal inter-
diode spacing orthogonal on said vertical inter-diode
spacing; and wherein each of said laser diodes com-
prises a slow axis and a fast axis, wherein said laser
diodes are oriented within said grid with their respec-
tive slow axis and fast axis aligned along a slow axis
direction and a fast axis direction respectively, and
wherein the size of the collimated light beams (7)
along said slow axis is substantially smaller than the
inter-diode spacing along said slow axis direction.

10. A laser diode grid element according to claim 9,
wherein the orthogonal projections of said cooling
channels (111) on said substantially flat surface are
extending in between said laser diodes along the
fast axis direction.

11. A laser diode grid element according to claim 10,
wherein said cooling channels (111) have a variable
width, said width being larger in the area with a higher
local laser diode density than in an area with a lower
local laser diode density.

12. A light emitting system, comprising at least one laser
diode grid element according to any of the previous
claims, further comprising a means for combining
said plurality of collimated laser beams (7) into a pre-
determined output aperture (8), said means for com-
bining comprising total internal reflection prisms
and/or mirror strips and/or patterned mirrors, and
wherein the distance between two adjacent collimat-
ed laser beams (7) in a plane defined by said pre-
determined output aperture (8) is smaller than the
distance between two adjacent collimated laser
beams (7) in a plane defined by said substantially
flat surface of the at least one laser diode grid ele-
ment along the slow and/or fast axis direction.

13. A light emitting system according claim 12, compris-
ing at least two laser diode grid elements, wherein
said means for combining said plurality of laser
beams is adapted for reflecting said collimated laser
beams (7) such that projections on a plane defined
by said predetermined output aperture (8) for said
collimated laser beams (7) originating from different
laser diode grid elements are interposed between
each other.

14. A light emitting system according to claim 12, com-
prising at least two laser diode grid elements, ac-
cording to any of the claims 1 to 11, wherein the
respective said substantially flat surfaces of a first
and a second laser diode grid element are substan-
tially parallel and facing each other.

Patentansprüche

1. Laserdiodengitterelement, enthaltend

- mehrere Laserdioden zum Erzeugen entspre-
chender mehrerer Laserstrahlen (10) und wobei
die mehreren Laserdioden entlang einer ent-
sprechenden, im Wesentlichen flachen Oberflä-
che angeordnet sind; wobei die Laserdioden in
Standardgehäusen (1) enthalten sind, wobei die
Standardgehäuse eine Basisplatte (2), die als
Kühlfläche der Laserdiode dient, ein Metallge-
häuse (3), das auf der Basisplatte (2) angeord-
net ist, um die Laserdiode zu schützen, und min-
destens zwei Antriebsstifte (5), die sich von der
Laserdiode durch die Basisplatte (2) erstrecken
und die zum Antreiben der Laserdiode in dem
Gehäuse (1) verwendet werden, enthalten; und
- ein Kollimationsmittel (6) für jede der Laserdi-
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oden, das zum Erzeugen eines kollimierten
Lichtstrahls (7) aus einem entsprechenden La-
serstrahl (10) ausgebildet ist, wobei die kolli-
mierten Lichtstrahlen (7) im Wesentlichen senk-
recht auf die im Wesentlichen flache Oberfläche
sind;

wobei das Laserdiodengitterelement eine Wärme-
senke enthält, wobei die Wärmesenke in Kontakt mit
den Basisplatten (2) angeordnet ist und wobei sich
die mindestens zwei Antriebsstifte (5) jeder Laser-
diode zumindest teilweise durch die Wärmesenke
erstrecken; und
dadurch gekennzeichnet, dass
die Wärmesenke einen Flüssigkeitskühlungs-Wär-
metauscher enthält, der Kanäle (111) zur Flüssig-
keitskühlung enthält, und wobei die Kanäle (111) und
die Antriebsstifte (5) der Laserdioden zueinander
versetzt sind.

2. Laserdiodengitterelement nach einem der vorange-
henden Ansprüche, wobei die Antriebsstifte (5) elek-
trisch an eine gedruckte Leiterplatte (12) ange-
schlossen sind, die an einer Seite der Wärmesenke
gegenüber der Laserdiodenseite angeordnet ist.

3. Laserdiodengitterelement nach Anspruch 2, wobei
die Antriebsstifte (5) an die gedruckte Leiterplatte
(12) durch einen Erweiterungsanschluss (13) ange-
schlossen sind, wobei sich der Erweiterungsan-
schluss (13) zumindest teilweise in die Wärmesenke
erstreckt.

4. Laserdiodengitterelement nach Anspruch 2 oder 3,
des Weiteren enthaltend ein Wärmeleitungsmittel
zwischen der gedruckten Leiterplatte (12) und der
Wärmesenke, das dazu ausgebildet ist, Wärme von
der gedruckten Leiterplatte (12) zur Wärmesenke zu
leiten.

5. Laserdiodengitterelement nach einem der vorange-
henden Ansprüche, wobei das Kollimationsmittel (6)
mehrere Linsen enthält, die in einer einzigen geform-
ten Gruppe von Linsen vorgesehen sind.

6. Laserdiodengitterelement nach einem der vorange-
henden Ansprüche, des Weiteren enthaltend eine
Positionierungsplatte (9) und Federn, wobei die Po-
sitionierungsplatte (9) und die Federn dazu ausge-
bildet sind, die Laserdioden an vorgegebenen Stel-
len auf der im Wesentlichen flachen Oberfläche zu
halten und zwischen dem Kollimationsmittel (6) und
den mehreren Laserdioden vorgesehen sind.

7. Laserdiodengitterelement nach Anspruch 6, wobei
mechanische Bezugspunkte auf der im Wesentli-
chen flachen Oberfläche vorgesehen sind, die die
vorgegebenen Stellen definieren.

8. Laserdiodengitterelement nach einem der Ansprü-
che 5 bis 7, des Weiteren enthaltend ein Ausrich-
tungsmittel zum Ausrichten des Kollimationsmittels
relativ zu den Laserdioden auf der im Wesentlichen
flachen Oberfläche.

9. Laserdiodengitterelement nach einem der vorange-
henden Ansprüche, wobei die Laserdioden gemäß
einer 2D-Gitterstruktur auf der im Wesentlichen fla-
chen Oberfläche angeordnet sind, wobei die Gitter-
struktur einen vertikalen Abstand zwischen den Di-
oden und einen horizontalten Abstand zwischen den
Dioden orthogonal zu dem vertikalen Abstand zwi-
schen den Dioden hat; und wobei jede der Laserdi-
oden eine langsame Achse und eine schnelle Achse
enthält, wobei die Laserdioden in dem Gitter so ori-
entiert sind, dass ihre jeweilige langsame Achse und
schnelle Achse entlang einer Richtung der langsa-
men Achse bzw. einer Richtung der schnellen Achse
ausgerichtet sind; und wobei die Größe der kollimier-
ten Lichtstrahlen (7) entlang der langsamen Achse
wesentlich kleiner ist als der Abstand zwischen den
Dioden entlang der Richtung der langsamen Achse.

10. Laserdiodengitterelement nach Anspruch 9, wobei
sich die orthogonalen Fortsätze der Kühlungskanäle
(111) auf der im Wesentlichen flachen Oberfläche
zwischen den Laserdioden entlang der Richtung der
schnellen Achse erstrecken.

11. Laserdiodengitterelement nach Anspruch 10, wobei
die Kühlungskanäle (111) eine variable Breite ha-
ben, wobei die Breite in der Fläche mit einer höheren
örtlichen Laserdiodendichte größer ist als in einer
Fläche mit einer geringeren örtlichen Laserdioden-
dichte.

12. Leuchtsystem, enthaltend mindestens ein Laserdi-
odengitterelement nach einem der vorangehenden
Ansprüche, des Weiteren enthaltend ein Mittel zum
Vereinen der mehreren kollimierten Laserstrahlen
(7) in eine vorgegebene Ausgangsöffnung (8), wobei
das Mittel zum Vereinen Totalreflexionsprismen
und/oder Spiegelstreifen und/oder gemusterte Spie-
gel enthält und wobei der Abstand zwischen zwei
benachbarten kollimierten Laserstrahlen (7) in einer
Ebene, die durch die vorgegebene Ausgangsöff-
nung (8) definiert ist, kleiner ist als der Abstand zwi-
schen zwei benachbarten kollimierten Laserstrahlen
(7) in einer Ebene, die durch die im Wesentlichen
flache Oberfläche des mindestens einen Laserdio-
dengitterelements entlang der Richtung der langsa-
men und/oder schnellen Achse definiert ist.

13. Leuchtsystem nach Anspruch 12, enthaltend min-
destens zwei Laserdiodengitterelemente, wobei das
Mittel zum Vereinen der mehreren Laserstrahlen
zum derartigen Reflektieren der kollimierten Laser-
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strahlen (7) ausgebildet ist, dass Fortsätze auf einer
Ebene, die durch die vorgegebene Ausgangsöff-
nung (8) für die kollimierten Laserstrahlen (7) defi-
niert ist, die von verschiedenen Laserdiodengittere-
lementen stammen, zwischen einander eingefügt
sind.

14. Leuchtsystem nach Anspruch 12, enthaltend min-
destens zwei Laserdiodengitterelemente nach ei-
nem der Ansprüche 1 bis 11, wobei die jeweiligen
im Wesentlichen flachen Oberflächen eines ersten
und eines zweiten Laserdiodengitterelements im
Wesentlichen parallel und einander zugewandt sind.

Revendications

1. Élément de grille de diode laser, comprenant

- une pluralité de diodes laser conçues pour pro-
duire une pluralité correspondante de faisceaux
laser (10) et ladite pluralité de diodes laser étant
agencée le long d’une surface sensiblement pla-
te correspondante ; lesdites diodes laser étant
comprises dans des boîtiers standards (1), les-
dits boîtiers standards comprenant une embase
(2) servant de surface de refroidissement de la
diode laser, un logement métallique (3) agencé
sur ladite embase (2) pour protéger ladite diode
laser, et au moins deux broches de pilotage (5)
qui s’étendent à partir de ladite diode laser à
travers ladite embase (2) et qui sont utilisées
pour piloter ladite diode laser dans ledit boîtier
(1) ; et
- un moyen de collimation (6) pour chacune des-
dites diodes laser, conçu pour produire un fais-
ceau de lumière collimaté (7) à partir d’un fais-
ceau laser correspondant (10), lesdits faisceaux
de lumière collimatés (7) étant sensiblement
perpendiculaires sur ladite surface respective
sensiblement plate ;

dans lequel ledit élément de grille de diode laser
comprend un dissipateur de chaleur, ledit dissipa-
teur de chaleur étant agencé en contact avec lesdi-
tes embases (2), et dans lequel lesdites au moins
deux broches de pilotage (5) de chaque diode laser
s’étendent au moins partiellement à travers ledit dis-
sipateur de chaleur ; et
caractérisé en ce que
ledit dissipateur de chaleur comprend un échangeur
thermique de liquide de relativement comprenant
des canaux (111) pour le refroidissement de liquide,
et dans lequel lesdits canaux (111) et lesdites bro-
ches de pilotage (5) desdites diodes laser sont dé-
calés les uns par rapport aux autres.

2. Élément de grille de diode laser selon l’une quelcon-

que des revendications précédentes, dans lequel
lesdites broches de pilotage (5) sont électriquement
reliées à une carte à circuit imprimé (12) prévue au
niveau d’un côté dudit dissipateur de chaleur opposé
au côté diode laser.

3. Élément de grille de diode laser selon la revendica-
tion 2, dans lequel lesdites broches de pilotage (5)
sont reliées à ladite carte à circuit imprimé (12) au
moyen d’un connecteur d’extension (13), ledit con-
necteur d’extension (13) s’étendant au moins par-
tiellement dans ledit dissipateur de chaleur.

4. Élément de grille de diode laser selon la revendica-
tion 2 ou 3, comprenant en outre un moyen thermi-
quement conducteur entre ladite carte à circuit im-
primé (12) et ledit dissipateur de chaleur conçu pour
guider la chaleur provenant de ladite carte à circuit
imprimé (12) vers ledit dissipateur de chaleur.

5. Élément de grille de diode laser selon l’une quelcon-
que des revendications précédentes, dans lequel le-
dit moyen de collimation (6) comprend une pluralité
de lentilles disposées dans un groupement moulé
unique de lentilles.

6. Élément de grille de diode laser selon l’une quelcon-
que des revendications précédentes, comprenant
en outre une plaque de positionnement (9) et des
ressorts, ladite plaque de positionnement (9) et les-
dits ressorts étant conçus pour conserver lesdites
diodes laser à des emplacements prédéterminés sur
ladite surface sensiblement plate et étant agencés
entre ledit moyen de collimation (6) et ladite pluralité
de diodes laser.

7. Élément de grille de diode laser selon la revendica-
tion 6, dans lequel des références mécaniques sont
prévues sur ladite surface sensiblement plate défi-
nissant lesdits emplacements prédéterminés.

8. Élément de grille de diode laser selon l’une quelcon-
que des revendications 5 à 7, comprenant en outre
un moyen d’alignement pour aligner ledit moyen de
collimation par rapport auxdites diodes laser sur la-
dite surface sensiblement plate.

9. Élément de grille de diode laser selon l’une quelcon-
que des revendications précédentes, dans lequel
lesdites diodes laser sont agencées selon une struc-
ture de grille 2D sur ladite surface sensiblement pla-
te, ladite structure de grille ayant un espacement ver-
tical entre diodes et un espacement horizontal entre
diodes orthogonal sur ledit espacement vertical en-
tre diodes ; et dans lequel chacune desdites diodes
laser comprend un axe lent et un axe rapide, dans
lesquels lesdites diodes laser sont orientées à l’in-
térieur de ladite grille, leur axe lent et leur axe rapide
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respectifs étant respectivement alignés le long d’une
direction d’axe lent et d’une direction d’axe rapide,
et dans lequel la taille des faisceaux de lumière col-
limatés (7) le long dudit axe lent est sensiblement
plus petite que l’espacement entre diodes le long de
ladite direction d’axe lent.

10. Élément de grille de diode laser selon la revendica-
tion 9, dans lequel les projections orthogonales des-
dits canaux de refroidissement (111) sur ladite sur-
face sensiblement plate s’étendent entre lesdites
diodes laser le long de la direction d’axe rapide.

11. Élément de grille de diode laser selon la revendica-
tion 10, dans lequel lesdits canaux de refroidisse-
ment (111) ont une largeur variable, ladite largeur
étant plus grande dans la zone avec une densité
locale de diodes laser plus élevée que dans une zone
avec une densité locale de diodes laser plus basse.

12. Système d’émission de lumière, comprenant au
moins élément de grille de diode laser selon l’une
quelconque des revendications précédentes, com-
prenant en outre un moyen pour se combiner ladite
pluralité de faisceaux laser collimatés (7) dans une
ouverture de sortie prédéterminée (8), ledit moyen
de combinaison comprenant des prismes de ré-
flexion interne totale et/ou des bandes miroir et/ou
des miroirs à motifs, et dans lequel la distance entre
deux faisceaux laser collimatés adjacents (7) dans
un plan défini par ladite ouverture de sortie prédé-
terminée (8) est plus petite que la distance entre
deux faisceaux laser collimatés adjacents (7) dans
un plan défini par ladite surface sensiblement plate
de l’au moins un élément de grille de diode laser le
long de la direction d’axe lent et/ou rapide.

13. Système d’émission de lumière selon la revendica-
tion 12, comprenant au moins deux éléments de
grille de diode laser, dans lequel ledit moyen de com-
binaison de ladite pluralité de faisceaux laser est
conçu pour réfléchir lesdits faisceaux laser collima-
tés (7) de sorte que des projections sur un plan défini
par ladite ouverture de sortie prédéterminée (8) pour
lesdits faisceaux laser collimatés (7) originaires de
différents éléments de grille de diode laser sont in-
terposées les unes entre les autres.

14. Système d’émission de lumière selon la revendica-
tion 12, comprenant au moins deux éléments de
grille de diode laser, selon l’une quelconque des re-
vendications 1 à 11, dans lequel lesdites surfaces
respectives sensiblement plates d’un premier et d’un
second élément de grille de diode laser sont sensi-
blement parallèles et se font face.
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